The 600 nt long sequences proceeding the first large ORFs (ORF VII) of three caulimoviruses, although varying in primary sequence, can be folded into a large stem/loop structure centered around a conserved stretch of 36 nucleotides. Deletions of the conserved sequence delay symptom appearance considerably, but do not affect expression of a reporter gene in plant protoplasts. Another striking similarity between the leaders concerns the number and distribution of small open reading frames (sORF) they carry. Expression of two of these sORFs vas tested by fusion of a reporter gene: both were expressed in plant protoplasts.
. Leader regions in retroviruses have been suggested to contain signals for splicing, RNA dimer linkage and packaging (20) ; the structure of the RSV leader has been implicated in translational control (6) . The long caulimovirus leaders may further reveal sane peculiarities of plant virus/host interaction or of plant gene control.
MATERIALS AND METHODS

1) Software.
A VAX 8600 computer and the "Sequence Analysis Software Package" of the Genetics Computer Group, University of Wisconsin (21) were used. Minimal free energy folds of RNA were performed using their adaptation of the "FOLD"
programm of Zuker and Stiegler (22) with the free energy values as defined by (23) . Graphical presentations were obtained with "SQUIGGLES" and "CIRCLES". The two types of graphical presentations are each optimal for certain purposes. SQUIGGLES presents a simple stem-loop structure more directly, but the features of more complex structures are more easily discerned on CIRCLES. In addition to these presentations the sequence and proposed structure of the CaMV goblet was drawn by hand (Fig.4) . Sequence comparisons were performed with the adaptation of "COMPARE" and "DOTPLOT" (24) .
2) Numbering
Two types of numberings are used in this manuscript. Those refering to published DNA sequence data call the first nucleotide of the primer binding site "1", whereas those referring to RNA structure (e.g. in Figs. 1, 3 and 4) begin numbering at the first nucleotide of the 35S RNA. Both types of numberings are in the direction of transcription.
3) CaMV strains used in experiments and their growth.
Ca379, a deletion in the CaHV leader region is as described by Penswick et al. (25) . In this mutant, basepairs 7234 -7381 (sequence and numbering:
ref. 15 ) are replaced by TCCCCGCTCGAGC. This strain and the parent virus CH4-184 (26) were grown as clones in the E. coli plasmid pUC8 using the isogenic and unique Sail site. The CaMV sequences were excised from the bacterial vector at the cloning site and inoculated as described (27) . 4) Construction of plnranids for electroporation Plasmid pLC20 is a derivative of plasmid pDH51 (28) . The CaMV 35S promoter sequences in pDH51 are extended to the ATG of CaMV ORF VII, which is fused directly to the ORF for a bacterial chloramphenicol acetyl transferase. To allow easy preparation of single stranded DNA for mutagenesis procedures, the pUC plasmid background of pDH51 was changed to pTZl9u (29) in pLC20. In plasmids pLC15 and pLC31 the CAT ORF is fused to the second codon of the CaMV sORF D and E, respectively. All fusions were obtained by oligonucleotide directed deletion mutagenesis in the final step. Exactness of the fusions was verified by dideoxy sequencing. Plasmid pLC421 is a derivative of pLC20 in which the wild type CaMV leader sequence was replaced with the leader sequence of Ca379.
These plasmids are members of a larger series of constructs, which will be described later. Exact sequences and a detailed pathway of construction is available upon request.
5) Transient expression experiments.
Cell suspension cultures of Orychophragmus violaceus, a crucifer and host plant of CaMV were obtained from C.Matsui and maintained and protoplasts prepared according to him (30) . Electroporation of 2.10 6 protoplasts in 0.7 ml electroporation buffer was carried out according to (31) by discharging an 820 mF capacitor at 200V. CAT assays were performed according to (32) .
RESULTS AND DISCUSSION
Secondary structure of the Caulimovirus leaders Fig. 1 shows the fold of the first 1200 nts of CaMV RNA in the "CIRCLES" graphical presentation. "CIRCLES" arranges the sequence counterclockwise starting at "3h" and connects pairing bases by arcs. A large series of such arcs can be discerned connecting the stretch of rrucleotides 52 to 280 with 346 to 572. This series corresponds to a large stem interrupted by a number of loops and short hairpins (SQUIGGLES printout; Fig.2 ). The arcs flank a "pair of eyes", corresponding to two 6hort branches and loops. This pair we name here "bowl" and the total structure "goblet". The two side stems (S^ and Sb 2 ) branching from the main stem ( Fig.2) are seen in Fig.l as small arcs around 2h and llh.
The leaders of the other two caulimoviruses with published sequence (CERV and FMV) can also be folded into "goblet" like structures carrying "bowls" on top (Figs. 2 and 3) . In all three cases the first 50 to 80 nt of typical example). However, the length of the CaMV stem was increased when sequences starting artificially at position -140 were analyzed (Fig. 3 "CaMV PRESTART"). This phenomenon was not observed with the other caulimoviruses. We found only much shorter stems in leaders of the retroviruses RSV ( Fig. 3 ; see also 6), MMSV, MMTV and SNV (not shown).
The sequences of the six CaMV strains (references above) were compared for the potential stem/loop structure in the leader (Fig.4) . Twenty-one sequence variant sites (nucleotide exchanges, insertions, deletions) were found in the 189 nt single strand regions, of which one variation could lead to an increase in base-pairing. Ten were located in the base-paired stems shown. Graphic output was performed with DOTPLOT using densities around 1000.
T: TATA-box; A: polyadenylation signal; B: bowl sequence; P: primer binding site. (Fig.4) . Thus the overall bias is towards changes which would not affect the proposed structure, providing indirect evidence for its significance. Fig. 2 ; also observed by [18] ). Interestingly in all 3 cases this sequence is located in the bowl (Fig. 2 and 3 ) at the top of the structure. Thus the goblet consists of a central portion with conserved primary sequence ("bowlsequence") imbedded in flanking portions with conserved secondary structure (the stem). This conservation of secondary structure, despite the lack of primary sequence conservation i6 probably indicative of some important function (6) . It may be compared to the conservation of secondary structure among tRNAs and viroids. Moreover, conserved sequences in the single-strand loops of stems lacking sequence conservation have been shown to be involved in the post-transcriptional regulation of iron responsive mRNAs (7).
Ca379 is a CaMV mutant in which 147 nts have been deleted from the leader (25) . The deletion covers the bowl sequence plus 70 nts upstream and 10 nts downstream. The only change in the proposed secondary structure is the loss of the bowl and truncation of the stem (Fig.2) . The biological consequence of the mutation is a dramatic increase in the latency period, from 2 weeks in the wild type to 12 weeks in the mutant. However testing the deletion in host plant protoplasts for its effect on transient expression of a reporter gene located downstream of the leader did not reveal an effect (Fig. 6, lines 3 and 4) . Thus the sequence is either involved in regulation of expression at a specific stage of development or in response to environmental or metabolic conditions not represented by the protoplasts used, or has another function in virus replication. In any case the conservation of the bowl sequence between viruses from different caulimovirus groups is striking. Experiments to elucidate the function are in progress.
Presence of sr"il open reading frames in the caulimovirus leaders.
Another striking similarity between the leaders of caulimoviruses concerns the number and distribution of the short ORFs (sORFs) they carry.
The first 150 nucleotides of the leaders (corresponding to the R region) from all the caulimovirus sequences published contain either 2 or 3 very short (1-6 codons) ORFs. These sORFs (A, B and C) are followed by a stretch of 90 (FMV) to 190 (CERV) nucleotides lacking AUG codons and then by several longer sORFs (Fig. 7) . The amino acid sequences of sORFs A -E are well conserved among the six CaMV strains (Fig. 7) . The first three sORFs (A to C) of CaMV and CERV are homologous and encode peptides containing cysteine (sORFs A and B) or aromatic amino acids (sORF C) (Fig. 7) . 
